Background : We assessed the occurrence of long-bone fracture and other side effects in a group of 214 consecutive patients who underwent radical excision for soft-tissue sarcoma of the limb followed by postoperative irradiation. Methods: Two hundred fourteen patients underwent postoperative irradiation after radical excision of soft-tissue sarcoma of the limb; 156 (73%) received postoperative brachytherapy (BRT) plus external-beam radiation therapy (EBRT), and 58 (27%) underwent postoperative EBRT only. All patients were followed-up for a median time of 4.5 years (range 3 months to 10 years). Results: Seven patients developed bone fracture, which is considered severe morbidity; time between surgery and occurrence of fracture ranged between 10 and 72 months (average 31). Severe sclerosis with impairment of limb function was diagnosed in 5 and peripheral nerve damage in 3 patients. Wound complications were detected in 8 patients. Conclusions: In our series, no statistically significant correlation between bone fracture and clinical features or "technical" parameters was found, but all of the patients who experienced bone fracture (7 of 7) were postmenopausal women Ͼ55 years old.
During the last 2 decades, limb-sparing surgery and adjuvant radiotherapy have replaced amputation as the standard treatment for patients with soft-tissue sarcoma of an extremity. This approach is based on retrospective studies [1, 2] as well as a prospective randomized trial showing equivalent outcomes between amputation and limb-sparing surgery plus postoperative radiation therapy [3] . Moreover, 2 prospective randomized trials, in patients randomized to receive no further treatment or postoperative radiation therapy after wide local excision of soft-tissue sarcoma, have shown better local control in those undergoing irradiation [4, 5] .
Despite the good survival and local control rates after combined treatment with radical surgery followed by highdose radiation therapy with or without brachytherapy (BRT) [6, 7] , the occurrence of severe long-term side effects has not yet been fully investigated. In particular, the risk of longbone fracture is not well known.
The primary aim of this study was to report, in our experience, the frequency of bone fracture in a group of 214 consecutive patients who underwent radical softtissue sarcoma excision followed by perioperative BRT and/or external-beam irradiation (EBRT) and the frequency of other short-and long-term side effects (eg, wound complications, sclerosis with impairment of limb function, and peripheral nerve damage) considered "significant morbidities."
Material and Methods
Between March 1990 and December 2000, 331 patients with histologically verified soft-tissue sarcomas were referred to the Radiation Therapy Department of the University of Florence, and their treatment was discussed in a soft-tissue sarcoma conference. Of the total, 214 patients with long-limb soft-tissue sarcoma underwent radical surgery followed by postoperative irradiation either by BRT ϩ EBRT or EBRT alone; their features are listed in Table 1 . Microscopic surgical margin status according to Union Internationale Contre Le Cancer (UICC) classification was as follows: in ERBT there were 146 R0 (93.5%), 10 R1 (6.5%), and no R2 patients. In the ERBT ϩ BRT group, there were 52 R0 (90%), 6 R1 (10%), and no R2 patients. All of the patients were followed-up for a median of 4.5 years (range 3 months to 10 years). Only 6 (2.8%) patients were lost to follow-up.
The treatment protocol was based on wide surgical resection and intraoperative implantation of catheters for perioperative BRT. Limb-sparing wide excision with gross total removal of the tumor and a wide margin of 3 to 5 cm of normal tissue (proximally and distally) was obtained in all of the patients. EBRT only was delivered in 58 of 214 (27%) and EBRT ϩ BRT in 156 of 214 (73%) patients. EBRT was planned to cover a larger volume than that treated with perioperative BRT, including all of the length of the surgical wound plus a margin of approximately 2 cm in both of the craniocaudal directions.
Brachytherapy techniques
Until 1998, brachytherapy was delivered using a manual after-loading technique with low-dose rate Ir192 wires and thereafter using remote after-loading equipment. Catheters used for irradiation were always placed intraoperatively by the radiation oncologist on the tumor bed, which was defined during the surgical procedure. Target volumes were defined by adding 2.0 cm to both of the craniocaudal extremities of the tumor bed and 1.5 to 2.0 cm laterally. After-loading catheters were implanted percutaneously approximately 1 cm apart and perpendicular to the surgical wound. The catheters were fixed using plastic buttons at their exit from the skin. Particular attention was paid to avoid distortions of the catheters during wound suturing.
After surgery, 2 perpendicular localization films (usually at 0°and 90°respectively) were obtained in the simulation room. Doses ranging between 45 and 70 Gy were delivered to the tumor bed and calculated according to the Paris system. Time elapsed between surgery and BRT ranged between 1 and 10 days (mean 5 and median 8).
External-beam techniques
EBRT followed interstitial irradiation and was delivered to a larger volume than that covered by BRT, with 2 opposed fields and high-energy photons, paying particular attention to spare as much as possible of the soft tissues opposite the compartment to be treated. The total doses delivered to the entire soft-tissue compartment, considering the EBRT ϩ BRT group, ranged between 47 and 95 Gy (mean dose in the EBRT group was 40 Gy, and mean dose in the BRT group was 35 Gy). Median EBRT dose only was 66 Gy, whereas median EBRT ϩ BRT dose was 75 Gy. High doses were planned knowing that in patients with soft-tissue sarcoma, at least 60 Gy should be delivered [8 -12] to achieve a reasonable local control of the disease. Delivered doses of irradiation (range and average) are listed in Table 1 .
Evaluation of complication rates
Complication rates were assessed retrospectively by analysis of the clinical records and according to the National Cancer Institute's Common Toxicity Criteria [13] . Bone fracture, peripheral nerve damage (Նgrade 3), and wound BRT ϭ brachytherapy; EBRT ϭ external beam radiation therapy; MFH ϭ malignant fibrous histiocytoma.
complications were scored; neuromotor toxicity was assessed as well (grade 3 or 4 according to the same criteria) and defined as objective weakness with impairment of function (grade 3) or paralysis (grade 4).
Results
The 3-and 5-year local disease-free survivals were 92.6% (Ϯ 1.7% SE) and 91.7% (Ϯ 1.9% SE), respectively. Local recurrences occurred in 17 of 214 (7.9%) patients (median time to recurrence 13 months [range 3 months to 10 years]), and their characteristics are listed in Table 2 . During follow-up, morbidity was detected in 23 of the 214 reported patients (10.7%); their characteristics and main features are listed in Table 3 .
The 2-and 5-year cumulative bone fracture rates, which we considered the most relevant adverse effect detected in this group of patients, were 0.4% and 3%, respectively. Seven patients developed bone fracture, and time between surgery and occurrence of the fracture ranged between 10 and 72 months (average 31). All of the fractures occurred within the high-dose-volume group treated with EBRT ϩ BRT. Three of 7 underwent amputation of the limb, and 4 underwent minor surgery and had complete recovery and functionality. All of these patients received BRT ϩ EBRT at total doses ranging between 66 and 75 Gy. No statistically significant correlation was demonstrated (by univariate analysis) between bone fracture occurrence and variables such as timing of treatment (P ϭ .9), age at diagnosis (P ϭ .1), sex (P ϭ .3), total dose delivered (P ϭ .3) and number of sources used during interstitial preoperative irradiation (P ϭ .4). Four of these patients underwent Ͼ1 surgery before irradiation, and preinstall stripping had been performed during the latest surgical procedure. All of the 7 patients who experienced bone fracture were postmenopausal women.
Severe sclerosis with impairment of limb function was diagnosed in 5 and peripheral nerve damage in 3 patients: lunar nerve palsy and hand motion incapacity in 1, tibia nerve palsy and foot motion in 1, and chronic tight pain because of femoral nerve damage in 1 patient. In all of these patients, time between surgery and occurrence of nerve damage ranged between 12 and 36 months (average 27). All of the patients had received BRT followed-up by EBRT at total doses Ͼ70 Gy.
Wound complications developed in 8 patients. Three had severe skin ulceration. Two of them underwent amputation of the limb (1 of them had received EBRT only delivering 66 Gy to the target and the other had BRT ϩ EBRT at a total dose of 79 Gy); the third, treated with EBRT only, received topical care. Wound separation occurred in 3 patients during EBRT, and the treatment was interrupted and never concluded. All of them had received BRT before EBRT at doses ranging from 35 to 40 Gy.
Comments
Different approaches-including postoperative EBRT, BRT, and intraoperative radiation therapy-have been proposed and used for the adjuvant management of soft-tissue sarcomas. After surgery and definitive pathology of the operative specimen, it is possible to plan accurate irradiation of the target, and BRT may be used as the exclusive perioperative treatment or as a boost to EBRT to treat residual disease on the tumor bed. The American Brachytherapy Society's recommendations for BRT of soft-tissue sarcomas [14] described the advantages of BRT in terms of shorter overall treatment time, decreased patient discomfort, decreased financial cost of treatment, safer delivery of higher doses to the tumor bed, and normal tissue sparing. Moreover, the American Brachytherapy Society pointed out that complications after BRT for soft-tissue sarcomas are to be considered multifactorial because of patient heterogeneity, disease extent, and anatomic site involved. In the same report, recommendations that may contribute to decreased acute complications are listed, but little is suggested concerning the occurrence of late side effects and possible interventions to minimize such morbidity.
The occurrence of bone fracture after adjuvant postoperative irradiation for soft-tissue sarcomas of the limbs, as well as the occurrence of other late side effects such as fibrosis with impairment of function and peripheral nerve damage, has not been clearly established in the literature. Most of the reports and available data focus on the occurrence of wound complications as an acute side effect of irradiation. Wound complications in 54 patients treated between July 1982 to March 1985 were reported by Arbeit et al [15] , who found a complication rate significantly higher in the BRT arm (48%) compared with the non-BRT arm (16%) (P ϭ .01). In contrast, Ormsby et al [16] reported no difference in the rate of significant wound complications between the BRT arm (14%) and the non-BRT arm (10%). These data compare well with our experience (8 of 227 patients had 3.5% of wound complications) despite the fact that heterogeneity of the treatment and the patients may not allow direct comparison of the results.
Concerning bone fracture occurrence, Stinson et al [17] reported 145 patients with soft-tissue sarcomas who underwent limb-sparing surgery and postoperative radiation with or without chemotherapy and found a 6% fracture rate. Brant et al reported a 7.6% rate of pathologic fracture in patients treated with preoperative irradiation [18] . Alektiar et al [19, 20] reported a 4.6% rate of bone fracture in the BRT arm compared with none in the non-BRT arm (P ϭ .2). Lin et al [21] evaluated 205 patients with soft-tissue sarcomas of the thigh and reported (by univariate analysis) 2 factors associated with increased bone fracture represented: periosteal stripping (29% vs. 0% P ϭ .0001) and use of EBRT (21% vs. 5% P ϭ .04).
In our series, 7 patients experienced bone fracture during follow-up after surgery and postoperative irradiation combining BRT ϩ EBRT. Despite the fact that analysis of these data did not show any statistically significant evidence correlating bone fracture occurrence with the main features of the tumor or of the patients, we emphasize out the following observations:
1. Age and sex: Twelve of 15 patients with late side effects (bone fracture, fibrosis, or nerve damage) were Ͼ50 years old at the time of treatment, and 11 of these women were postmenopausal. All of the patients who experienced bone fracture (7 of 7) were postmenopausal women Ͼ55 years old. Menopausal status might probably be regarded as an important cofactor in the occurrence of bone fracture [22] . 2. Delivered dose: All of the patients with late side effects (bone fracture, severe fibrosis, or nerve damage) received a total dose Ͼ66 Gy with a combination of EBRT ϩ BRT. 3. Primary or recurrent tumour and number of surgical procedures: To our knowledge, only 1 study in the BRT ϭ brachytherapy; EBRT ϭ external beam radiation therapy.
literature [23] has reported a case of osteonecrosis out of 26 patients treated with BRT for recurrent sarcoma after local excision; in our experience, 3 patients underwent Ͼ1 surgical procedure before receiving radiation therapy. Despite that this too is not a significant predictor of late damage, it should probably be considered when planning perioperative and postoperative irradiation.
In conclusion, BRT used alone or in combination with EBRT may contribute to local control in patients undergoing surgery for soft-tissue sarcomas. The occurrence of severe late side effects, in particular the occurrence of bone fracture, has not been established, but its occurrence must be considered before planning and delivering treatment. In our series, no statistically significant correlation between bone fracture and clinical features or "technical" parameters was found. Nevertheless, menopausal status should be regarded as a possible cofactor in the occurrence of bone fracture in women Ͼ55 years old.
